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R tubercudosis in paticnts with hymphocy tic meningitis. Results 1eom 31 coded cases and 75 clinical cases showed

sensitisity of 95%.

Infections Discases, Centers Jor Diseuse Comrol, Atlenta, (:(nruu‘:l)}JJ. and Department of the Navv. -+ ORAMT
U.S. Nesal Medical Research Gnit' No. 3. Fleet Post Office. New-gork, Nese York 09527.1600° Tic TiB
Unonoouneed
. *L.Yusuzinau«i
~. The I'rcquenc\ -pulsed electron-Eapture gas-liquid chromatography lcchmqm.- described previously by Brooks i
ct ab. was modificd and applicd 1a the Mudics of coded and routine chinical specimens. Uncenlnl’u:td By 4
cercbrospinal Huid (2 ml) was eatracted under acidic condutions, derivatized, and inalyzed by frequency-pulsed Distridbat XWX.
clectron-capiure gas-liquid chromatography on Large-bore Tissed sica polar and mmpular capillary col .
‘The frequency-pulsed clectron-caplurs: gas-liquid chromatography profile of c:rbox) lic acids (C, through C,y Availab ﬂ“!{
along with identification of fuberculostearic acid. established by retention time comparison of derivatized iAvail a’
tuberculostearic acid and derivatind - saimple entruct. strongly suggests the prosence of Mycobacterum Dist Spoeh‘
that the frequepcs -pulsed clcclrun-uplurl. gas-liquid chromatography test had a specificity of 91% and,a “«\ '}\D §
" f

Oac ol the major.diagnostic problems remaintag 10 be
sulud,}omcrm infectious .md nmuul‘umm\ dinesses thit
present- % chnical picture of lymphocytic meningitis. Such
diveaSes often are not-readily diagnosed through clinical
examinatton, and these types ol infectious agents are difficult
10 rlate und cylture. Many of 1fiese types of ausative
agents size mever lentified (9). I uberculons meamgitis,
anich s L,Jscd hy Mvcobactersum  besculmis, v i l\'m-
pitoes e e n.u‘mg.xu\. end about . month s required to
cultiire the organism. Even then, fess than 507 of the
postive Eases arg culturepositive (91 Atiemps 10 develop
rapid diagnostic Yests based on conventivaal approaches
have been inetfecuve, prncipally because of the extremely
low aumber of organisms (4) present i the cerchrospinal.
fluid (CSF) at the time that the patient becomes i

Frequency-pulsed ¢lectron-capture gas-liquid chromatog-
raphy (FPEC-GLC) has beea used to détect low femtomole
quantities of tuberéulostearic acid (TSA}in CSF. serur, and
pleural fluid (3, 3). FPEC-GLC has abo been used 10 study
carbovylic acid profiles of other acids 1n these fluids (5).
*hese studics indicated that FPEC-GLC mught be used 10
. pldly diagnose tuberculous memngis within 3 h. The
purpose of 1his investigation was 10 obtain addiional infor-
mation about the specificity and sensitivity ot FPEC-GLCas
a dugnosuc test for lubcrculous meningis.

.\IATERIALS AND MPZ'I'HQQb

Samples. The CSF specimens from U.S. Naval Rescarch
Unit no. 3 (NAMRU-J) were from clinical cases™in Cairo,
Egypt (Table 1). They were stored and shipped frozey: the
volume of these samples ranged from 1 to 2 ml, and all of the
specimens were centrifuged, The CSF samples ffom chnical
cases (Table 2) were also stored and shlppcd frozen. They
were 2 ml in volume and- were not centrifuged. The
NAMRU-3 samples were from culture-proven cases of mea-
ingits, and scveral cases were of a nonfymphocytic type of

* Cortresponding author.

meningitides. All specimens were free of blood, which, of
present. will change the FPEC-GLC profile to contuain peaks
not purmally scen in blood-free CSF. However, the detec-
fion of 1SA 15 usually not affected by the presence of biood
m the specimen, The NAMRU-3 specimens were used in
1o coded studics. The clinicat cases from the United Siates
and Cunada were 2o analyzed and coded winoit kposang
the fing} diagnosy soul after the #PEC-GLC analywis. The
mlh)wmk. information aus >up'ﬂud with most Caves. 1wk o
temphocytic 1y pe of meningiin. and there was no xrowth
from a1 24-h culture. Drug treatment and underlying ditene
were sometimes given. The samples were analyzed. and our
FPEC-GLC test results along with a set of forms were
returned o the physicran with o request for final evalition
of the case and any additional chinical information, There
was an £5% reply. In cases where there was no reply the
FPEC-GLC data were not included. Table 2 contains the
duta from clinical cases,

Sample.preparation. A 0 1I-ml of 0% (vollvnl) H.SO,
along with 0.1 m! of an internal Jard ionc 1
7.6 pmol of heptanoic acid (Cy) i dustilied H,0 was placedin
a 50-ml round-bottom centrifuge tube The tube was then
taken to a biological sufely cabinet. the uncentnfuged spec-
imen was mixed gently. 2 ml of CSF or serum was added to
the tube, and the contents were mixed by gentle shaking by
hand. The sample was checked with pH paper to ensurc that
it was dcidic (pH 2) and allowed 1o sit at room temperature
for 2 min. Then, 20 m! of. nanograde chloroform (CHCI,,
Mallinckrodt Scientific Products. Stone Mountain, Ga.) was

_ added:and the tube was sealed with a Teflon-lined screw ¢ap

10 avoid contaminauon from rubber-lined caps. Next, the
sample was shaken for S min with a Bumell wnst-action
shaker at a setting of 10. The CHCI, layer was then decanted
1010 a 20- by-150-mm screw-cap test twbe and evaporated in
a fume hood 1o 1.5 mi with clean, dry CaSO,-filtered air at
100°C 1n an analylicat evaporator (Meyer. Northborough,
Mass.) filled with sand, The concentrated sample was trans-
fereed to a 3-nl conical tube with care to avoid any traces of
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TABLE i. FPEC-GLC restlts from study of CSF” zecerved from NAMRU-3, Cairo. Egypt

DC* Drug therapy s TSA M. sebereadonis Orher sganng reaicd
Ca2m Unhnown - - - Neissesia memngitidis, serogsoup A
A2 - - - - None
CA2e? Unknown - L4 - N. snenmngatidia, serogroup A
(AN Unhknown - - - Haemoplalus inflecnzie M
caxnr + - - . None
CAXI2 - * - - None
Caznos Unhknoun - - -~ Bacterial meningitis
2 Specimens' Unknawn - - - N, merineindis. scsogroup B
1 Specicieny’ Unhnown - - - Strepren cus prcymonine
1X Speasmeny’ - - - - None
% Specimens’ Unknown - - - None
l&\pccumcm‘ Unknown - - - None
2 Specimeny’ - - - - * None

= Sampics oF 3 ml of centnfuged CSF were used. Beut results were sdained with 2 il of unceminfuped CSE.

“CDC, Centers fur Discase Contral,

" An FPEC-GLC pvonile of carbory e acad is cownpuned of atl peals (Ca through C.2) detected in an amalysis,

lhcmw <an kmcr xhc dﬂcﬂu!n hout of TSA.
G of s was ol cxcluded
'.\m-m..m were ot oded,

wuter. The sample was then funther concentrated in the fume
hood to about 25 pl,

Preparation of TCE esters. A 12 ;l:luuon of tnchlurocth-
anol (TCE» lE.:\lm.m Kodah C¢  ‘Rochester. N.Y.) was
preparcd by wdding 0.} il of TCE 10-1.1 mi of vylenc tthis
sulution can be siored 1 the reftgerator Tor future use).
Neat. 10 pt of TCE and 20 ;AI of heptath butyric
anhydride were added to the concentrated sumple extract (25
pl)in the 3-mi conicp) tube. The sample was mixed by gentle
shaking by hand. corked. and allow ed 10 st af room temper-
ature for 32 mm. An cmuhion. which formed after the

Jd ot TCE-heptaft yrc anhydrde duning the
denvatization Step, later cleared with the addition of 0 2 ml
o CHCl, and 0.1 ml ufulgm. with gentle mixing. The clear

| was then gvaporated 10 10 ut with clean. dry irat
60°C in a sand h.llh. Extra care was faken 1o avord evapo-
ung the sample to complete drvacss, Next. 0.4 mi of
nanograde hexane (Mallinchrodt) was added 1o the sample.

Reversed-phase chromatography column clcanup. :\ dis-
“posable octadeeyl (Cyyd seversed-phase ch y col-

FPEC-GLC analysis. TCE of carboxyhic acids were ana-
Iyzed on Peskin Elmer 3920B gas chromatographs fitted with
dual-elcctron-capture 10-mCr “*Ni detectors One instru-
ment was equipped with a noapolar. large-bore. bonded-
phase, fused-mlica capillary column (0.53-mm fnncr diame-
ter, 25-m length) that was coated with a 4.3-pm-thich film of
OV-1 (Southern Lab Apparatus. Norh Augusta, $.C.). and
a moderately polar, large-bore. bonded-phase. fused-silica
capillary columa (0.5-mm inner diameter. 30-m length)
coated with a 1.0-um-thick film of OV-1701 ¢J & W Scicn-
tific, Folsom. Cahf.). A polar. lasge-bore. bonded-phase.
fused-silica capillary column (0.32-mm inner diameter. 25-m
tength) coated with a 0.25-um-thick film of OV-225 (South-
ern Lab Apparatus) was used 1n a second mstrument  Fhe
instruments were ftted with 0.25-19. (4. 0.625-cm) injector
ports and connected 10 the capillasy columns with 0.25-in. by
0.0625-in. {ca. 0 0625-cm) graphite-reducing fecrules, He-

lum was the caraier gas with a flow rate of 3 mimin through-

the OV-1701 and OV-225 columns at 125°C and 4 mUmin

h

umn (Analytichem Inte:ational, Harbor City. Calif. ) Wiy
pl. lu:d in a VAC-ELUT tAnalytichem) vacuum mamfold,
and. 2 columa volumes of *acthanol followed by 2 column
volumes of hcx.mcfwcrc \plmltd through the column.
Hevane wan stopped; "'u Wp of the sorbent bed, the
sample wis added to ., cotomn and aspirated through the
column af about 2mm ¥ ¢ " 266 6 Pa) vacuum for about 2
min, and the cluent wasut. nch “The previously used 3-m}
contcal tube was washed f o dith B-mil volumes of diethyl
cther (Fisher Screntitic Co e Lawa, N1 and placed ine
o rack to dry, Neat, the Te & esters were eluted from the
column into a 10- by 25-mnt ¢ <posable test lubé with 3 ml of
hevane. The cluent was evaporited (o about 2 ml with clean,
dry 2ir in 0 SFC sand bath, (3w of xylene was added, and
then the sample was transfer :d 10 the previousty ether-
witshed 3-ml conical tube und urther evaporated to 10 pl.
EAtnt care was tihen (0 avoid demb the sample 10 complete
dryness, Then 100 pul of u Q%f {volivol) xylene-cthanol
solution way udded to the sample as a final solvent. The
solution was nuxed by genile shaking by hand, and the
\:Implq. was teansferred o a 0.3-ml Tetfloa-hned screw-cap
ghass inserted Vl-ll(Ul‘llVCI'\.l' Scieanfic, Inc., Atlanta, Ga), 1
u! of the sample was used tor FPEC-GLC an.:lysls.

: gh the OV-1 column The mnstruments were equipped
with flow controllers with a range from 0 1o 10 Ibfin®. The
OV-1 and OV-1701 columns were held 1sothermal a1 90°C for
4 mun and then programmed 1o 275°C at a rate of 4°C/min and
held sothermal for 32 min The OV-225 column was held
isothermal at 90°C for 4 min and then progrimmed to 220°C
at 2*C/min and held isothernal for 12 nun. The seasitavaty off
the mstruments was established by.adjusting the make-up
gas (954 argon-5% mcthanc). the sl.mdmg current [rom a
range of 3.5 to 1. and the alienuation at either 512 or 256 <o
that the internal standard ((,.,) gave a twice-full-scale peak
with a L-ul ingection, New **Ni foils requise higher standing
current (3 to 3.5), less attenuation (256). and less make-up
gas How (60 to 65 ml/min). On the other hand. ofder **Ni foils
us.d 1 month or more genemlly require o lower standing

currcnl (1 to-2), sncreased attenuation (512), anid increased.

siake-up gas low (75 1o 80 mU/min).

RESULYS

Figure 1 shows analyses of TCE esters of a denvauzed
standard mixture of carboxylic acids (Cs o Cas) 150 acids
{iC,,1Cs. and iC,), unsaturated acids (Cyy 1o Cyq 1o Cra 4, and
Cso 4}, phenylaceuc acid (PAA), and TSA. Aromatic and
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RAPID DIAGNOSIS OF TUHRERCULOUS MENINGITIS BY FPEC-GLC wi

T.-\}il. £ 2. FPEC-GLC resulic from .-mlm\ of c!-mc:l speaimens recerved from the UllllﬂLSlalc\ and Canady”

e Paywcun’s cvaluation
oo Drog therams jiahiad TSA — - :
cngtn Hher Jincarce
L —
. B ¢ . None
- - - - Nonc
3% Unknown - - - Granuioma
3 - - - - Fibrinoid accronis vaginitin
n - - - - MyelobLastic feuhemus
i - - - - Nonc
32 - - - - None
£ - - - - Arachnoiditis
e . . - -~ None
33 - - - - Lymphocytic meningitis
E'S - - - - - Glioblustom. uf the bran
37 - . . 4 Chronic mcmng,:ll\
X I3 . - ~ Meningoencephalite
a9 - - - - None
0 - - - - Transverse myclilis
i + - - - Meningitis
5 . - - - Viral meningats
< - - - - Heheet's syndrome
N - - - - Brucellosis
& . . - - None
6 - - - - Cryprococcal meningitis
< - - - -~ Gullain-Bagse syndrome
hts - - - Lacephalitis
<9 Unknown ~ - - Chronic memingitia
4] Unknown - - - Viral encephahitny
61 + - - - None
62 Unknown - - - Aliered mental state
63 - - - - Cascinomatous meningilny
63 - - - - Sarcoidosis
(53 - - - - Neoplasm
[ 3 - - - AIDS with secondary
infection
Y4 - - - » Probabdle viral meningitis
[ - - - - Histoplasmosis
o - - - » Chronic menngitis
;(l) . - - - Vil menmingitis
- - - - - None
=2 - - - » Chromic meningitis
73 - - - - None
::' Unknown - -~ - M. mberculosis
: - - - -

Cry piococeal meningstin

= Allof the pateats histed had chinical Pt of tubercuk

2O, Centers tor Discase Controd, Sampes are aumbs red in scquence for comeamence.
“ An FPECGLC protilc ol‘ carborylic acass is compred of all peaks (Cy (hrough Gyt Jetected o an analyus,

“Th¢ reavon i sinp ¥ unl
* Therupy Can lowcr the .klc\'uon et 0(TSA.
FIVE B comadired this vane an 3 fale-pasiting, Dist it s dotutable,

unsaturated acids shifted retention* sime relationships (clut-
wng later than straight-chain acids of the sume catbon chain
length) on the polar column and to & lesser degree on the
modcmlcly polar column (Fig. 1B and C). compared with
retention time rel ps on the column (Fig.
1A). Analysis on the highly polar OV-225 column (Fig. 1C)
and lhc nongolar OV-1 columns (Fig. 1A} made the bést
for idenufication. and TSA was better resolved
on the OV-1 column; however, the OV-225 column cannot
with ) the high ¥ used wilth the OV-1 and
0\' 1701 columns. Thereforc, the OV-225 column was used
in a separate instrument, and the OV-1 and OV-1701 col-
umns were used together in the same gas chromatograph
oven.
Figure 2 shows chromatograms of TCE-derivaticed acidic.
CHCl, extracts of both.CSF itnd serum from palients posi-
tive for luberC\,lous meningitis along with aormal healthy

controls. Figure 2A shows the type FPEC.-GLC profile
dc(c"u:d from the CSF ofa pancm positive (or tubercutous
ingitis with no indi fary disease Ob.
serve that Cs. Cv1C,. Co. xC.. C<. Cq. Cy. PAA. Gy, Cpse
Cyer Cicr Craw a3+ Cp1v Cixe TSA. and unidentified peaks
labeled C and E were present: however, with the exception
of the internal standard. C,4. 3nd C,4, Other peaks weee low
in concentration. Figure 2B shows the FPEC-GLC profile
obtained from analysis of 2 ml of normal CSF obtained from
an individual submitting for a myelogram, With the excep-
tions of the internal dard and residual reagents (data not
shown), the chromatogram in Fig. 2B is practically devoid of
.peaks, Figures 2C and D show the data obtained from
FPEC GLC analysis of sera taken from a patient with
s and a-normal letespectively.

“The major differences 1n the control serum‘and the serum
from the patient with tubcrculous memngitis were increased
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FIG. 1. FPEC-GLC chromatograms of TCE ester of a standard icid micure Gnstructions tor, secparing stendurds for FPEC-GLC analysts
ure available upon request), The etter € Tullow ed by 1 aumber indicates 1 satunued caboxylic acid wath the nun.‘scr of carbon atoms. The
letter *6™ is 130, and o volon between we numbers mdicates unsatutation, The temperature program and S alysis timie are shown under

hromuatograms.,

amounts of Cy, Cy, iC,. C,, umsdentified peaks Un2, Und, E.
and Unb, and T SA, Some peaks were present in the control
profile lhal were misving trom the patient profile, und peaks
;5 und Cyyy , were adso reduced.

Fgurc 3 sltusteates the process of computer scale cxpans
sion @&nd determination of relative retention ume for TSA
based On comparison to C,, and C,y, spiking of the sample
with standard TSA, and unalyses on nonpolar and polur
capillary columns, Figures 3A and Cillustrate the measuring
process to obtain relative retention times. The relative
distances between C,,, C,,, und TSA is measured 10 0.1 cm.
This distance can change with age of the column. A standard
mixture (Fig. 1) was analyzc«' every 3 weeks to verify
column stability. The carboxyhc acids C, {internal stan-
dard), Cyq, and Cyy were always present in both CSF and

serum I‘rom patients with disease, and daly vbservations of
tine h P of these acids were made

detect any possible retention time changes, As the column
ages, usually atier about a ycar;C,,, and C,, will elute faster
and closer . Possible change can be d | by
measurement of the dlsl.mu. between the retention times of
16 and Cyy 10 0.1 cm. In difficult cases where uncertainty
existed concerning the identification of a peak. spiking the
sample with about 23 fmel of derivatized standard TSA
helped in the identification process (Fig. 3B and D). Chro
matograms itom the sirip chart recorder can also be used to
identify TSA by overlay of iwo chromatograms and by viseal
comparison 1o reference standarnds. . For example, whea
chromatograms of TCE derivatives (Fig, B containing C,..
C,4» and TSA standards were aligned with the same acids oa
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RAPID DIAGNOSIS OF TUBERCULOUS MENINGITIS BY FPEC.GLC 993

. 3 TCE derivatives
H - O3 caplery
"il colmn
H 1 T8 meniges
v i CA3183CSF”
Pao, /
r E?L .
i Lv.lj ?
gl
ogram
C23019 CSF
8

4 1
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Time, Min.

102°C  4°CMn,

ot s . e et o a4t e

FIG. 2. FPEC-GLC chromatograms of TCE esters of CSF and sesum 1SR) samples from acsdic CHCI, extracts The type of bodily fluid
and the disease are indicated oa 1op nght-hand corner of each chromatogram. TB. Tubercuious, Un, unknown. Peaks C and E indieste

unknown compounds.

chromatograms obtained by FPEC-GLC analysis of CSF
and or serum taken from different pauents (Fig. 2A and C),
a perfect overlay was obtained between Cyy, Cyy itnd TSA,

Figure 4 shows data obtained by FPEC-GLC analysis of
TCE-derivatized acidic CHCl, extract of CSF from a second
patient (CA3117) positive for tuberculous meninguis (Fig.
4A) and chromatograms (rom three different patients sus-

pected of having tuberculous meningitis (Fig. 4B, C. and D)
The CSF from patient CA3051 was analyzed by FPEC-GLC
(Fig. 4B) and reported to be negauve for twberculous men-
ingitis; this patient was later determined (o have carcinoma-
tous meningitis..We have observed 52 cancer patients (data
will be presented elsewhere) with ths type of FPEC-GLC
profile. The FPEC-GLC profile of the patient (CA3057) in
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FIG. 3 Computer- c\pam!cd portions of FPEC~(;LC h ms of a TCE-derivatized acidic CHCI, extract of CSF from a pawe
(CASY positive for wb fi of TSA (ihe blackened peaks in chromatograms A and C) was made &
Jeterrmining refative retention times based on me of the di (in s) from the C;, and Cy, peaks 10 the TSA peak ax
analyzing the TSA-spiked sample (chromatograms B and D) on two types of cofumns (pofar. V225 and nonpofar OV+1) The distan
between peaks will change us the column ages: therefore, the refationship of eluting peaks must be cheched about every 2 weeks by andhw

T8C_2:CMn,

of standards,

h gram*C was obtained by anaiysns of CSE. lakcn negatve for tuberculous meningitis by FPEC-GLC andaile
from 2 panent with acquired § ncy sy ctiteria. The FPECVGLC profiles-from .the CSF of i
(AIDS: COC classification group £V, who was suspected of  (ermunally aff AIDS patient (Fig. 4C) and the cancer paixs
having tubercufous meningitis but was later determined tobe  (Fig. 4B) were simifar. We have observed this tye ¢
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TCE derrvenves
OV 1 coptiary coimn

T8 menngse.
CANI CSF

-]

AIDS
COC classnicatongrovp IV
CA30S7 CSF

WY postive
SHLONGRIY WITOZLON with
M. ludsrcviosis

€252 CSF

have carcinomatous memngatis. Chromatogram Cis from a terminally W)

3% %
Time, Min,

FIG 4 FPEC-GLC chromatograms of TCE esters of acidic CHCIy extracts of CSF Ch

»

twherculous meningits Chromatogram B 1s from a patient who was £

d of having

patient with AIDS who was neg; for

romalogram A shows CSF a patient with
1 but was later deternuned to

chromatogram D iy from 4 paticat who was positive for human immurodeficiency virus and who had tuberculous menngitis,
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FPEC-GLC profile from 35 terminally il paticnts with AIDS
exumined thus far tunpublished datay. The I'PEC-GLC pro-
fde of patient CAI252 (1. 4D) wans obtamed by .m.nl)\n of
CS¥ from i human § Jefivency virus body-post.
e paticnt (the stage of the dinease was not wiven:but AIDS
had 5ot developed). This patient wins Jound 1o be postive lo:
tberculons meningitis by culture, and “ISA was lound
(blischened peak at about 60 miny in the CSE by I'PEC-GLC
.m.ll)\n At this ime we have analy zed the CSE and sers
from four patients wnh :\IDS the samples were positive for
Mycobactertum avinobut TSA was not d;lnlcd, rlgurc
4D abso |llmlrllv.s a case of both primary (hum.m imniuno-
deficiency virus ‘-nubody positive) and susonda.) dl>c.m.
(M. tubercudosis mfcclmn) involvement. The pruscnu: ofa
full-\c.dc peak of nononoic xcid (C;) wlong with vaidéatified
peaks labeled P3 and P4 indicate un ubnorimal FPEC-GLC
proﬁlc that would not be typical of cises positive for
tuberculous menmgitis alone (g, 4A). but the detection of
1SA in the CSF of this patient along with the absence of
TSA in M. avinm patients \Imngly suggested infection with
\I luln'rutlu.us. this assumption wis later confirmed by
Culturé. The serum of this patient also contamed TSA,

Table 1 presents data § from a collab ve re-
search study with NAMRU-Y in Cairo. Egypt. Two coded
studies and one noncoded study, were conducted, The non.
coded specimeny are andicated n Tuble 1, Most of the
tuberculous meningitis specimens analylud Wy part of the
NAMRU-3 study were culliire ponitive. Some patients had
begun therapy (Tuble 1). Data obtained from follow-up
analysis of positive cases of tuberculous meningitis indicates
that effective therapy for § to 7 days can lower the concen.
tration of TSA yn the CSF below the FPEC.GLC detection
himits, Onepatient (Table 1. CA2812) had all of the chnicat
symptoms of tuberculous memingis, and an FPEC-GLC
profile posiive for tuberculous memingitds. including TSA,
and improved with therapy. lhcrcforc. buased on these data
and reports by uthers (9) that about 305 of ali postuve cases
ard never cultured, we comvidered this case powtive for
tuberculous meniggtis cven though an organism was A0t
recovered by culture, In the case (GAN07 in Tuble 1) that

Way falve-posttive, the FPEC.GLC profile. eveluding TSA,

was negative for tuberculous meningiis, and, becatse of u
Alight column change in elution chaructetisties, we had
mislabeled a peak as TSA that had a retenton ime very
¢lose to that of TSA, Later when we began (0 determine the
relative retention time for TSA (based on measurements
‘from C;,, and C,.), we recogmzed the reason for the misi
denufication,

Table 2 shows data obtaned from the FPEC.GLC analysis
of clxmca! specimens, The actuat Centers for Disease Con.
trol bers have been ch d for purposes of clanty of
the table. In cases 1 through "7 the chimical sy mptoms were
positive. the FPEC-GLC profile was posiive, TSA was
posive, and the finul evaluations of the physicians were
positive based on response to drug therapy and/or culture., In

cases 28 through 37 tuberculous meningitis was imtially
suspected, but FPEC-GLC results were pegative, and the
final evaluations of the physiciany were negative with no
indication of the causative agent. Throughuut the remainder
of Table 2, we show resulls from severut pretreated cases
and several cases from which we receved u final evaluation
Trom the attending physician, The cases that were submitted
after therapy and had a positive FPEC-GLC profile but were
negative for TSA were not considered false-neganives, since-
the test specified (as préviously detesnined by research) the
use of 2 mil of uncentntuged CSF drawn before drug therapy,

J, Clan. Mickoston .

In one case (no. 74, which we included in our calculations as
falsé-posiuve), tuberculosts was given as the final diagnosis
Since the patient was istaally Iisted s having meningitis and
s [SA positive. we now believe this was another case
where someone faited to nolate ** -ihercdoss Ssom the
€Sl We were ot supplied wnlh Jnformation on dng
therapy adsmntered (o this patieny _sore drawing the CSI
sample,

Based on results listed 1 Fables T and 2, we calculated the
;pullluly of the FPEC-GLC test for wberculous meningitn
to be 91% and the sensitivily to be 959

DISCUSSION

The results from this study show that FPEC-GLC can be
used to rapully diagnose tuberculous mcnmgms Conven-
tional approaches to rapid diagnosis of tuberculous menin-
gitis have not been successful. Possible reasons for the fack
of success are as follows: (1) the small number of the
organtsms ihat are preseat in lhc CSF. (u)"the host of
diseases. s and noni| that present a chnical
picture similar to that of tuberculdus meningitis (9). and (1
the causative agents are difficult 1o 1solate and diagnose. The
dmgnosuc problem 3lso adds importance to the FPEC-GLC
test. Neoplasms are frequently involved sn producing diag-
nostic problv.m\ because of the clinteal pictures are stmilar o
those found 10 cases of tuberculous meningitis (Fable 2
Another arca where FPEC-GLC iy potentially beneficial
1nvolves the presence of secondary discases such as n a
paticnt with AIDS and wberculous meningitis o patients
with cancer and tuberculous meningitis. For TSA 1o be
detected by FPEC-GLC analysis it must be nonbound (pos-
sess a free carboxyl group) At this tme we have only
detected TSA in the CSF and sera of patients positave for M
whercudosis, Ia hmited studies we have not detected non
bound TSA in postve cases of M. aviem or Nocardu
infection (5). In such cases the detection of TSA 1n the CSF
by FPEC.GLC mdicates infection wih M tubercudosis
Based on evidence presented 1 past feports (1-R1and dataia
this report, FPEC-GLC may eventudily be usctul as an ad to
the diagaosis of some other type of discases that v d
chinical picture similar to that ot wbercutons memagits,

Other workers (10: P. A. Mardh, L. Lareson, N, Hitr
H. C. Englebrack, and G Odham, Letter, Lancet isdo”
1983:G. L. French, C. Y. Chan, S. W Cheung. R Yeoh M
1. Humphres. and G. O, Mahony, Letter. Lancet i:857.
1987) have Teported the use of gas chromatugraphy-mass
spectromelry to detect TSA in the CSF ot patients wih
tuberculous memngitts, We reported (4) the detecuon ol
TSA by gas chromatography-mass spectrometry in the CSf
of pauents with tuberculous meningitis, however, the wn
centration of TSA had 10 exceed 100 fmol per 2 ml

detection. Further, we found that in most positive cases i
concentration of TSA was about 25 fmol per 2 ml of CSF

Although FPEC-GLC s capable of detecting 25 fmol of |

TCE-denvatized TSA per 2 mt of CSF, certan aspects of e
test should be reemphasized. (i) The entire FPEC-GLC fan
acnd profile (Fig. 2 and 4A. 7 to 70 min) along with TS
should be observed for determination of tuberculous mens

giis. The fatty acids are low in quantity and number whe

compared with those in many other 1ypes of diseases i

I'SA must be identified by carefully measured retentionuax
comparisons to 0.1 cm between known and unknowapeds -

obtained from analysis on high-resolution polar and nonpeds
capillary columns or by overlay of a stnp chart chromas
gram with a chromatogram of derivatized standards oblaise
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from both polar and nonpolar column analysis. (i) The
internal standard (Cy) must be included before extraction
with organic solvent. and the sénsitvity of the strument
should be established on the basis of instrument sesponse 16
the internal standard tiv) Sumples of 2 ml of noncentrifuged-
blood-free CSF presertved by freezing, with no added pars.
erdiives, should be used. (v) High-punity svlvents. clean
containers, and “Tefon-hined STCW-Cap (e tbes must he
used for extruction and desivanzation,

A sample can be derivatized and analyzed snabout 3 h, Six
derivatives can be prepared simultancously, and each can be
analyzed by FPEC-GLC in 70 min, Sampics can bé injected
into the gax chromatograph with an autosampler, which
permits anafysis during nonworking hours. thus progjding
maximum use of the gas chromatograph. Additional benefits
of’ automatic injections are more reproducible retention
times with increased accuracy and precirion. This is espe-
cially true where multiple operators are involved or the
uperator does not fully understand conditions than can cause
variation,
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